• Identification of a miRNA panel as a biomarker for the diagnosis, prognosis, and prediction of acute graft-versus-host disease.
Introduction
Acute graft-versus-host disease (aGVHD) is a common complication after allogeneic hematopoietic cell transplantation (HCT) that affects the skin, liver, and gastrointestinal tract and contributes to transplant-related morbidity and mortality. Following HCT, approximately 50% of patients will develop aGVHD and require systemic treatment. [1] [2] [3] Accurate and early biomarkers for aGVHD would improve diagnosis and prognosis and help guide therapeutic interventions. Currently, the diagnosis of aGVHD is based on clinical symptoms in one or more of the main target organs and biopsy results. So far, there is no validated diagnostic or predictive blood biomarker for aGVHD in clinical use. 4, 5 Moreover, once aGVHD occurs, the most important predictor of long-term survival is the primary response to therapy. In patients who are resistant to initial therapy, the risk of morbidity and mortality increases significantly. 6, 7 Thus, there is a pressing need to identify noninvasive biomarkers to predict not only aGVHD development but also the survival and treatment outcome of aGVHD.
MicroRNAs (miRNAs) are a class of small noncoding RNA that negatively regulate gene expression by translational repression or induction of messenger RNA degradation. 8 Increasing evidence suggests that miRNAs are present in plasma, serum, saliva, urine, and other body fluids in a remarkably stable form that is protected from endogenous RNase activity. [9] [10] [11] Circulating miRNAs have the potential to serve as novel, noninvasive biomarkers for various diseases such as cancer, cardiovascular disease, sepsis, organ transplant rejection, liver injury, ectopic pregnancy, diabetes, and infection. [12] [13] [14] [15] [16] [17] [18] [19] [20] In this study, we have identified a group of plasma miRNAs as potential biomarkers for aGVHD. We found that 6 miRNAs (miR-423, miR-199a-3p, miR-93*, miR-377, miR-155, and miR30a) were significantly upregulated in the plasma of aGVHD patients when compared with non-GVHD patients after HCT. We have developed a model including 4 miRNAs (miR-423, miR-199a-3p, miR-93*, and miR-377) to predict the probability of aGVHD. The levels of these miRNA biomarkers are positively associated with aGVHD severity. Moreover, elevated levels of these miRNAs can be detected before aGVHD diagnosis, and high expression of these miRNAs is associated with poor survival. Importantly, the aGVHD miRNA signature was not detected in plasma samples from lung transplant or nontransplant sepsis patients. Our results suggest that a panel of 4 circulating miRNAs can serve as an independent biomarker for the prediction, diagnosis, and prognosis of aGVHD.
Methods

Patients and samples
The study population consisted of 196 human subjects who underwent allogeneic HCT between 2008 and 2012 at Duke University Medical Center. The discovery set consisted of 4 HCT patients who developed aGVHD and 3 HCT patients who never developed aGVHD (non-GVHD). The training set consisted of 59 aGVHD and 19 non-GVHD patients, and the validation and blinded testing set consisted of 70 aGVHD and 41 non-GVHD patients. EDTA-anticoagulated blood was drawn 2 or 6 weeks after transplantation. Additionally, 45 patients who underwent lung transplantation (including 17 with biopsy-confirmed acute rejection and 28 without rejection), 38 patients who had sepsis with confirmed pathogens, and 10 healthy donors were enrolled as controls. The detailed information on sepsis patients and healthy donors is included in the supplemental Methods on the Blood Web site. Cellfree plasma was isolated from all blood samples using a 2-step centrifugation protocol (2000 rpm for 10 min, 12 000 rpm for 3 min) to prevent contamination by cellular nucleic acids. The diagnosis of aGVHD was based on clinical criteria and histologically confirmed by biopsy in the target organs. aGVHD was graded based on the severity of involvement of the target organs. 21 All research samples were collected after obtaining written informed consent for participation in accordance with the Declaration of Helsinki through protocols approved by the Duke University Medical Center institutional review board. Patient characteristics are summarized in Table 1 , and a diagram of sample collection and analysis is shown in supplemental Figure 1 .
RNA extraction from plasma
Total RNAs were extracted from 400 mL of plasma using the mirVana PARIS Kit (Ambion) according to the manufacturer's instructions. Because no known endogenous miRNA in human plasma can be used as normalization control, we used synthetic Caenorhabditis elegans miRNA (cel-miR-39) as a spiked-in control. Two microliters of 5 nM synthetic celmiR-39 (synthesized by Integrated DNA Technologies) was added to each denatured sample after combining the plasma sample with the denaturing solution. RNAs were eluted with 105 mL of preheated elution solution.
qRT-PCR analysis of plasma miRNAs
Plasma miRNAs were quantified using SYBR Green-based quantitative reverse-transcriptase polymerase chain reaction (qRT-PCR) as previously described. 22 The detailed information is shown in the supplemental Methods.
Real-time qPCR-based high-throughput miRNA array
We used a real-time quantitative polymerase chain reaction (qPCR)-based high-throughput miRNA array that contains primers specific for 345 wellcharacterized human miRNAs as previously described 23 to compare the plasma miRNA profiles of 4 aGVHD and 3 non-GVHD patients. Cel-miR-39 was used for normalization to obtain relative miRNA expression.
Enzyme-linked immunosorbent assay of plasma sIL-2Ra
Plasma soluble interleukin-2 receptor a (sIL-2Ra) was measured using a sIL-2Ra ELISA kit (R&D Systems) according to the manufacturer's instructions. Four-fold dilutions of plasma samples and standards were measured in duplicate. Absorbance was measured with a Molecular Devices Emax plate reader, and the results were analyzed with SoftMax Pro 4.8 software (Molecular Devices).
Statistical analysis
Hierarchical clustering analysis was performed using Cluster 3.0. The MannWhitney test was used to compare the differences in plasma miRNA expression between aGVHD and non-GVHD groups. A 2-sided x 2 test was used to compare the differences in patient clinical characteristics. Receiveroperating characteristic (ROC) curves and the area under the ROC curve (AUC) were used to assess the sensitivity and specificity of miRNA biomarkers for the diagnosis of aGVHD. Logistic regression was used to develop a combined miRNA panel to predict the probability of developing aGVHD as previously described. 23 Overall survival was analyzed using Kaplan-Meier curves. Cox regression was performed to determine the predictive value of the miRNA signature for diagnosis of aGVHD and survival prediction. Spearman correlation analysis was performed to test whether the expression levels of the 4 miRNAs are correlated with each other. All statistical analysis was performed using SPSS 16.0 software, and graphs were generated using GraphPad Prism 5.0 (GraphPad Software).
Results
Plasma miRNA profiling and signature in aGVHD patients
To identify a diagnostic plasma miRNA signature for aGVHD, we used a real-time PCR-based high-throughput miRNA array to compare the plasma miRNA profiles from 4 biopsy-confirmed aGVHD patients with the profiles from 3 non-GVHD patients 6 weeks after HCT. We identified a distinct miRNA signature including a set of 24 miRNAs that were differentially expressed in aGVHD patients compared with non-GVHD patients, including 8 upregulated and 16 downregulated miRNAs (supplemental Figure 2) . Hierarchical clustering analysis showed that the plasma miRNA signature was able to distinguish aGVHD from non-GVHD subjects.
To verify the differentially expressed plasma miRNAs identified in the discovery phase, we performed miRNA qPCR in an independent training set consisting of 59 aGVHD patients and 19 non-GVHD controls. Among the 24 candidate miRNAs, 6 plasma miRNAs (miR-423, miR-199a-3p, miR-93*, miR-377, miR-155, and miR-30a) were significantly upregulated in aGVHD patients compared with non-GVHD patients in the training phase ( Figure 1A ). The fold changes in the mean expression levels of these 6 miRNAs were 2.8 (miR-423), 3.5 (miR-199a-3p), 3.2 (miR-93), 4.0 (miR-377), 4.6 (miR-155), and 2.4 (miR-30a). We chose these 6 miRNAs for further analysis.
Development of a diagnostic panel containing 4 plasma miRNAs
The 6 altered miRNAs we identified are involved in inflammation, tissue damage, regulation of cell proliferation, and tissue repair, [24] [25] [26] suggesting increased levels of these miRNAs in the plasma of aGVHD patients may be associated with the immune response and organ damage during aGVHD. We thus evaluated the sensitivity and specificity of these miRNAs in diagnosing aGVHD using ROC analysis. Next, we used logistic regression to determine the best combination of miRNAs to predict aGVHD. Because the expression of miR-155 was the lowest among the 6 miRNAs, we did not include miR-155 in the logistic regression model. We found that that a linear combination of the expression levels of miR-423, miR-199a-3p, miR-93*, and miR-377 produced the best model to predict aGVHD. Using a 4-miRNA panel significantly increased the AUC value when compared with using any of the miRNAs alone. Previous studies suggested sIL-2Ra as a potential biomarker for aGVHD, with the highest AUC value achieved by a panel of protein biomarkers including sIL-2Ra, interleukin-8, hepatocyte growth factor, and tumor necrosis factor receptor 1. [27] [28] [29] Despite these findings, we found no significant difference in the plasma levels of sIL-2Ra between aGVHD and non-GVHD patients 6 weeks after transplantation ( Figure 1C ). Taken together, our data suggest that the plasma miRNA panel may be a potential noninvasive biomarker for aGVHD.
Validation and blinded testing of the miRNA signature for aGVHD
We further validated the expression levels of the 6 miRNAs in an independent validation study consisting of 57 aGVHD patients and 33 non-GVHD control subjects. The upregulation of the 6 miRNAs in the plasma of aGVHD patients was validated. The AUC for the 4-miRNA biomarker panel including miR-423, miR-199a-3p, miR-93*, and miR-377 was 0.76 (95% CI, 0.65-0.86) (P , .0001) ( Figure 2B ). No significant difference in plasma sIL-2Ra levels was found between the aGVHD and non-GVHD patients 6 weeks after transplantation ( Figure 2C ). Analysis of the data from all 168 samples in training and validation sets produced an AUC value of 0.80 ( Figure 2D ). To determine whether plasma miRNA levels differed between the aGVHD and non-GVHD groups prior to HCT, we analyzed the levels of miRNAs in plasma samples taken before transplantation. No significant difference was found in the expression of the 6 miRNAs in plasma of aGVHD and non-GVHD patients before HCT (supplemental Figure 3) , suggesting that the elevated miRNA levels in aGVHD plasma were not due to the presence of elevated miRNA in the patients before transplantation.
We next tested the predictive value of the miRNA signature in a blinded study including 13 aGVHD patients and 8 non-GVHD patients 6 weeks after HCT. In this study, we were blinded to the patients' clinical data when measuring miRNA levels. Based on the model developed in the validation phase, a signature composed of the 4 miRNAs (miR-423, miR-199a-3p, miR-93, and miR-377) correctly discriminated 12 of 13 aGVHD samples (92% sensitivity) and 5 of 8 non-aGVHD samples. Taken together, our data suggest that the 4-miRNA panel is a potential noninvasive biomarker for aGVHD. miRNA signature as a predictive factor for aGVHD An ideal miRNA biomarker should be detectable before the onset of aGVHD. We analyzed the miRNA panel in plasma samples collected from aGVHD patients before diagnosis. Among all aGVHD samples at 6 weeks after HCT, we selected the aGVHD patients who did not have the symptoms 6 weeks after transplantation but developed aGVHD 1 to 78 (median 5 16) days later into the analysis. We observed significantly elevated expression of the 6 miRNAs in the prediagnosis plasma samples of aGVHD patients (n 5 65) compared with non-GVHD controls (n 5 52) ( Figure 3A) . When we used miR-423, miR-199a-3p, miR-93*, and miR-377 as the miRNA signature to predict aGVHD, the AUC was 0.76 (95% CI, 0.68-0.85) (P , .0001) ( Figure 3B ). In contrast, sIL-2Ra levels did not differ significantly between prediagnosis plasma samples from aGVHD patients and samples from non-GVHD patients ( Figure 3C) .
To diagnose the onset of aGVHD development as early as possible, we further analyzed the expression of the miRNA panel in plasma samples taken 2 weeks after HCT. The levels of miR-423 and miR-93* were significantly upregulated in the plasma of aGVHD patients compared with non-GVHD patients. The levels of miR-199a-3p and miR-377 were also increased but failed to reach statistical Figure 3D ). Consistent with published results, 27,28 the plasma levels of sIL-2Ra 2 weeks after HCT were significantly higher in aGVHD patients than in non-GVHD patients ( Figure 3F ). However, the AUC for the miRNA signature including miR-423, miR-199a-3p, miR-93*, and miR-377 was higher than the AUC for sIL-2Ra 2 weeks after HCT (0.86 vs 0.76) (Figure 3E,G) . This result suggests that use of the miRNA signature will increase the accuracy of diagnosis for aGVHD.
Subsequently, we performed the Cox regression analysis using the diagnosis of aGVHD as the end point to evaluate whether the 4-miRNA panel can predict the probability of a patient developing aGVHD. Univariate Cox analysis with the 4-miRNA panel and clinical factors (age, malignancy, risk score, donor type, and regimen type) revealed that the 4-miRNA panel had predictive value for aGVHD in the training and validation sets (P 5 .001, hazard ratio 1.534 in training phase; P , .001, hazard ratio 1.481 in validation phase; Table 2 ). Furthermore, multivariate Cox regression analysis of each of these parameters suggests that the expression of the 4-miRNA panel was an independent predictor for aGVHD after adjusting for age, malignancy, risk score, donor type, and regimen type (P 5 .004, hazard ratio 1.524 in training phase; P , .001, hazard ratio 1.478 in validation phase; Table 2 ). 
Association of the miRNA biomarker panel with aGVHD severity
We examined whether the levels of the plasma miRNA biomarker panel were associated with the severity of aGVHD (grade 1-4). All aGVHD patients were divided into 2 groups based on max aGVHD grade: low grade (1-2) and high grade (3-4). The expression of miR-423, miR-93*, and miR-377 was significantly elevated in highgrade aGVHD patients compared with low-grade aGVHD patients, whereas the expression of miR-199a-3p, miR-155, and miR-30a did not differ in plasma samples from high-grade and low-grade aGVHD patients ( Figure 4A ). In addition, we found significantly elevated expression of the 6 miRNAs in all aGVHD patients (n 5 168) compared with non-aGVHD patients. Moreover, the levels of miR-423, miR-199a-3p, miR-377, miR-93*, miR-155 were significantly upregulated in more severe aGVHD patients (grade 2-4), compared with non-aGVHD patients (grade 0) and less severe aGVHD patients (grade 1) (supplemental Figure 4) . The above data suggest that the miRNA panel is associated with aGVHD severity. To investigate whether miRNA biomarker expression is associated with the development of aGVHD, the levels of the miRNA signature were measured in a set of 9 patients before disease onset (2 weeks after HCT) and after onset (6 weeks after HCT). The levels of miR-423, miR-199a, and miR-93* were significantly increased in the postdiagnosis samples compared with the prediagnosis samples ( Figure 4B ).
Association of the miRNA biomarker panel with overall survival in aGVHD patients
We evaluated whether the 4-miRNA panel can be used as a prognostic marker in aGVHD patients. In the training set, 44 aGVHD patients with updated follow-up information were divided into 2 groups (high risk and low risk) based on their predicted probabilities for developing aGVHD using the 4-miRNA panel from the logistic model in the training set. Patients were designated as high risk if the probability of a single patient developing aGVHD was higher than the median probability of all the patients. Kaplan-Meier survival analysis showed that patients designated as high risk based on miR-423, miR-199a-3p, miR-93*, and miR-377 levels had poor survival compared with low-risk patients (P 5 .02) (supplemental Figure 5) . Subsequently, multivariate Cox regression analysis with the 4-miRNA panel and clinical characteristics including age, malignancy, risk score, donor type, and regimen type indicated that the 4-miRNA For personal use only. on August 15, 2017 . by guest www.bloodjournal.org From panel was an independent unfavorable prognostic factor for aGVHD overall survival (P 5 .01, hazard ratio 2.110; supplemental Table 1 ).
Expression correlation within the 4-miRNA panel
Multivariate logistic regression analysis showed that use of the 4-miRNA panel improved the distinction between aGVHD and non-GVHD patients over the use of individual miRNAs. We performed Spearman correlation analysis for all of the samples 6 weeks after HCT in training and validation sets to test whether the expression levels of the 4 miRNAs were correlated with each other. Significant positive correlations were found between miR-423 and miR-199a-3p and between miR-93* and miR-377 plasma levels, with R 2 values of 0.822 and 0.932, respectively (P , .001; supplemental Figure 6 ). In addition, Spearman correlation analysis showed that the expression levels of the 4 miRNAs in the panel (miR-423, miR-199a-3p, miR-93*, and miR-377) were significantly positively correlated with each other, with all P values , .001 (supplemental Table 2 ). These results further support the overlapping diagnostic values of these 4 miRNAs. However, none of the individual miRNA levels were correlated with sIL-2Ra levels, indicating that the miRNA panel is an independent biomarker for aGVHD (supplemental Table 3 ).
Disease specificity of the 6 miRNAs
To determine the disease specificity of the 6 miRNAs identified in aGVHD patients, we enrolled patients with or without acute rejection after lung transplantation and patients with or without sepsis as non-HCT disease controls. No significant differences were found in the expression of the 6 miRNAs in plasma samples from acute rejection (n 5 17) and nonrejection (n 5 28) lung transplant patients ( Figure 5A ). Sepsis is a posttransplantation complication associated with a significant increase in inflammation-related markers, including sIL-2Ra. 28 We compared the expression of the 6 miRNAs in the plasma of 38 sepsis patients and 10 healthy donors. The expression of 5 miRNAs (miR-199a-3p, miR-93*, miR-377, miR-30a, and miR-155) was comparable between sepsis patients and healthy controls; however, the level of miR-423 was higher in sepsis patients than in healthy donors ( Figure 5B ). These data suggest that these 5 miRNAs are related to the development of aGVHD and that miR-423 may be involved in the regulation of inflammation.
Discussion
Recent publications demonstrate that circulating miRNAs may serve as noninvasive biomarkers for many different diseases. [12] [13] [14] [15] [16] [17] [18] [19] [20] Here, we show that plasma miRNAs can be used as biomarkers for aGVHD. We found that the plasma levels of 6 miRNAs (miR-423, miR-199a-3p, miR-93*, miR-377, miR-155, and miR-30a) were significantly elevated in the plasma of aGVHD patients when compared with non-GVHD patients. We have developed a model including 4 miRNAs to diagnose aGVHD with an AUC of 0.80. The miRNA panel can improve the diagnosis sensitivity and specificity for aGVHD when compared with a single miRNA biomarker (supplemental Table 4 ). The levels of the miRNA biomarkers were positively associated with aGVHD severity. Moreover, the elevated miRNAs were detected before the onset of aGVHD and were not found in lung transplant patients or patients with sepsis. In addition, we found that high expression of a 4-miRNA panel was associated with poor survival. Taken together, our data show that the plasma miRNA signature is an independent predictive, diagnostic, and prognostic factor for aGVHD.
Our data suggest that the plasma miRNA panel has excellent sensitivity and specificity as a biomarker for aGVHD. Extensive studies have been devoted to identifying blood biomarkers for aGVHD to improve diagnosis and individualized treatment; however, the majority of the work has focused on whole proteins or polypeptides. 4, 5, 30 To date, there is no widely accepted protein biomarker for aGVHD. The reported potential protein biomarkers for aGVHD have several drawbacks. First, these biomarkers are often elevated during inflammation such as that caused by bacterial infection and veno-occlusive disease 4, 28 and are thus not specific for aGVHD. Published analyses testing these protein biomarkers often excluded patients with other inflammatory conditions such as sepsis, idiopathic pneumonia syndrome, and veno-occlusive disease. 29, 31 Second, compared with qPCR-based assays, the methods for protein detection either have a relatively low sensitivity or are too complicated for clinical use. 4 Third, most reported protein biomarkers for aGVHD could aid in diagnosis, but their predictive and prognostic values remain to be established. 4 Recent findings suggest that circulating miRNAs are an excellent class of biomarkers. Serum or plasma miRNAs are highly stable 32 and tissue-specific. [33] [34] [35] Our results show that compared with sIL-2Ra, a promising biomarker with the highest AUC value in a panel of protein biomarkers for aGVHD, 29 the plasma miRNA signature has obvious advantages. The levels of sIL-2Ra peak 2 to 3 weeks after HCT and decline rapidly to baseline levels 6 weeks after HCT. 27, 28 Furthermore, the levels of sIL-2Ra are also elevated during infection. 28 Thus, it is not clear whether the elevated sIL-2Ra level is due to infection or aGVHD. Our measurement of the expression levels of the miRNA signature for aGVHD clearly demonstrate that it is elevated in the plasma of the aGVHD patients 2 to 6 weeks after HCT but is not detected in other conditions, such as sepsis and lung transplantation.
Our results show that the miRNA panel can predict aGVHD. We found that the levels of the plasma miRNA signature were elevated in aGVHD patients at a median of 16 days before the diagnosis of aGVHD. In contrast, the plasma levels of sIL-2Ra in these samples were not significantly elevated. The low relative abundance of protein in the plasma may render its detection difficult. However, the change in the expression levels of the miRNA signature prior to aGVHD diagnosis can be detected by qPCR. Cox regression analysis indicated that the miRNA signature containing 4 miRNAs (miR-423, miR-199a-3p, miR-93*, and miR-377) had the best predictive value for aGVHD. Predicting aGVHD development is essential for the early identification of high-risk individuals who need individualized treatment. In future studies, we can identify new patients in whom early intervention might be warranted according to the following criteria. First, we will use a miRNA model developed from large-scale validation study, such as the following equation in our study: combined miRNA panel 5 11.059 2 0.19 3 miR-423 1 0.175 3 miR-199a-3p-0.04 3 miR-93* 2 0.89 3 miR-377. Second, we will measure the expression of the 4-miRNA panel for each patient and calculate the predicted probability of aGVHD based on the following equation: predicted probability (P) 5 Exp (combined miRNA panel) / [1 1 Exp (combined miRNA panel)]. Third, we will determine if the patient has developed aGVHD based on the threshold that was set in the model. For example, we consider the patient as aGVHD if the predicted probability (P) . 0.66 (sensitivity 60%, specificity 76%). We have successfully predicted the occurrence of aGVHD prior to onset by using the miRNA model in a blinded test. For Cox regression analysis, the reference group is the group that is coded as "0." For example, for the variable of malignant (Y/N), we code "malignant patients (yes)" as "1" and "no malignant patients (no) as "0." The group with lower classification is the reference group. "Risk score (low), donor type (related), regimen type (nonmyeloablative)" are reference groups for their variables. BLOOD, 7 NOVEMBER 2013 x VOLUME 122, NUMBER 19 miRNA AS A BIOMARKER FOR ACUTE GVHD 3371
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We correctly discriminated 12 of 13 aGVHD samples (92% sensitivity) and 5 of 8 non-aGVHD samples (62% specificity; falsepositive rate, 38%) by using the 4-miRNAs panel (data not shown).
Our data suggest that the plasma miRNA signature is associated with poor survival in aGVHD patients and is a prognostic factor for predicting the outcome of aGVHD patients. The severity and outcome . P values were calculated using the Mann-Whitney test. *P , .05; **P , .01; ***P , .001. (B) The kinetic expression of the miRNA signature in a set of 9 patients before disease onset (2 weeks after HCT) and after onset (6 weeks after HCT). We selected 9 aGVHD patients in the analysis according to the following criteria: they had similar diagnosis time (median day 20, range: 18 to 23) and didn't develop aGVHD 2 weeks after HCT but had symptoms 6 weeks after HCT. P values were calculated using paired t tests.
of aGVHD is heterogeneous. Growing evidence shows that diverse clinical factors such as age, HLA matching, the intensity of conditioning, and the intensity of posttransplant immunosuppression may be associated with aGVHD 36 ; however, prognostic factors that can be identified at the onset of aGVHD remain largely elusive. If patients who are likely to have poor outcomes can be predicted at the onset of aGVHD, early administration of tailored therapy may improve the outcome of these patients. The skin, liver, and gastrointestinal tract are the 3 main target organs of aGVHD, and particular miRNAs may be associated with particular aGVHD target organs. However, we have not performed organ-specific association studies because most of the patients enrolled in this study had damage to multiple organs.
The 6 miRNAs identified in the plasma of aGVHD patients are involved in inflammation, tissue damage, regulation of cell proliferation, and tissue repair. miR-423 may serve as a potential circulating biomarker for heart failure. 24 miR-155 plays a key role in inflammation regulation and immune responses. 37 Interestingly, a recent report showed that miR-155 is upregulated in the effector Figure 5 . Expression of the aGVHD miRNA signature in sepsis or lung transplant patients. (A) Expression levels of the aGVHD miRNA signature including miR-423, miR-199a-3p, miR-93*, miR-377, miR-155, and miR-30a in plasma of lung transplant patients with (n 5 17) or without (n 5 28) acute rejection. (B) Expression levels of the aGVHD miRNA signature in plasma of sepsis patients (n 5 38) and healthy donors (n 5 10). HD, healthy donors; NS, nonsignificant. BLOOD, 7 NOVEMBER 2013 x VOLUME 122, NUMBER 19 miRNA AS A BIOMARKER FOR ACUTE GVHD 3373
For personal use only. on August 15, 2017 . by guest www.bloodjournal.org From T cells of mice with aGVHD and that miR-155 expression in lymphocytes is essential for lethal aGVHD in mice. 26 miR-199a-3p was reported to play a role in hepatocyte injury and hepatocellular carcinoma. 25, 38 miR-93* regulates cell proliferation, 39 whereas miR30a is associated with autophagy and apoptosis. 40, 41 Spearman analysis in our study demonstrated a high correlation between several miRNAs in the panel, suggesting that the above miRNAs have a similar function in the development of aGVHD. Although the mechanism underlying the secretion of the plasma miRNAs remains to be investigated, our hypothesis is that the miRNA panel may play a potential role in the donor T cell's attacking process or in the response to damage in target cells during aGVHD. The upregulated cellular miRNAs will be selectively included into multivesicular bodies or exosomes and then released into the bloodstream. 42 However, recent work indicates that circulating miRNAs can be transferred in an exosome-independent manner, and miRNAs can be stably exported in conjunction with RNA-binding proteins, such as nucleophosmin 1, 43 Argonaute 2, 44 and high-density lipoprotein. 45 Therefore, the origin of the plasma miRNA signature of aGVHD requires further investigation.
